A novel reovirus, designated Cimodo virus (CMDV), was isolated from mosquitoes collected in a rainforest region in Cô te d'Ivoire. The entire genome comprised 24 835 bp divided into 12 segments ranging from 585 to 4080 bp. The icosahedral non-enveloped virions were 80 nm in diameter. Eight major viral proteins of about 150, 135, 120, 80, 66, 59, 42 and 30 kDa were identified and seven proteins were mapped to the corresponding genome segments by liquid chromatography mass spectrometry. Predicted protein genes diverged by .77 % encoded amino acids from their closest reovirus relatives. The deep phylogenetic branching suggests that CMDV defines an as-yet-unidentified genus within the subfamily Spinareovirinae.
The family Reoviridae comprises two subfamilies that are distinguished by their turreted (Spinareovirinae) or smooth (Sedoreovirinae) virions (Attoui et al., 2012) . Members of the subfamiliy Spinareovirinae contain usually two layers of capsid proteins. Virions in the Sedoreovirinae subfamily have a three-layered core. The non-enveloped virions are 60-80 nm in diameter and contain 9-12 segments of linear dsRNA depending on the genus. The family is divided into 15 genera and viruses have been isolated from a wide variety of vertebrate and invertebrate hosts, fungi and plants (Attoui et al., 2012) . Distantly related reoviruses tentatively defining novel species or genera have recently been isolated from non-blood-feeding insects (Chen et al., 2011; Deng et al., 2012; Huang et al., 2012; Quito-Avila et al., 2011) .
During studies on mosquito-associated viruses in and around the Taï National Park, Cô te d'Ivoire, unknown viruses were isolated in C6/36 cells that were inoculated with pools of homogenized mosquitoes (Junglen et al., 2009b) . (Fig. 1a) and were further investigated during this study. Supernatants of the five cultures were purified by ultracentrifugation and icosahedral, non-enveloped particles of 80 nm in diameter with morphology similar to reoviruses were identified by electron microscopy in all cultures (Fig. 1b) . RNA was extracted from putative virions purified by gradient ultracentrifugation on a continuous sucrose gradient and separated by PAGE, confirming the presence of 12 genome segments (Fig. 1c) . According to the phylogenetic relationship (see below), the genome segments were assumed to consist of dsRNA, like other reoviruses.
Viral stocks were generated in C6/36 cells and the fourth passage of isolates C74/CI/2004 and C95/CI/2004 were completely sequenced by adaptor-based random amplification methods or by deep sequencing on the 454 Junior platform as described previously (Junglen et al., 2009a; Marklewitz et al., 2013; Stang et al., 2005) . The 59 and 39 genome termini were only determined for isolate C74/CI/ 2004 using 59 RACE kits (Invitrogen and Roche). The sequences were deposited in GenBank under the accession numbers KF880748-KF880771. The length of the entire genome was 24 835 bp divided into 12 segments (S1-S12) ranging from 585 to 4080 bp (Table 1) . Nucleotide and amino acid pairwise sequence identities for the ORFs of all segments ranged between 86.2-98.9 % and 98.6-100 %, respectively, suggesting that both isolates are strains of the same species, tentatively named Cimodo virus (CMDV, after Cô te d'Ivoire, mosquito and dodeca).
All genome segments shared the conserved terminal nucleotides 59-GAUAAA and UGAUC-39 (Table 1 ). The 59 terminus was identical to that found in genome segments of rice ragged stunt virus (RRSV) (genus Oryzavirus) (Yan et al., 1992) and piscine orthoreovirus (unclassified) (Markussen et al., 2013) . The 39 terminus was identical to that of aqua-and orthoreoviruses (Attoui et al., 2012; Markussen et al., 2013) . All segments were monocistronic except S11 which contained two putative ORFs.
Analyses of nucleotide sequences using BLASTN or BLASTX yielded no similarity to any other viral or cellular proteins on the GenBank database. Subsequent searches of translated ORFs using BLASTP and PSI-BLAST yielded low (,28 %) levels of identity with reoviral proteins for the predicted proteins VP1, VP2, VP3, VP6 and VP12 (Table 1 ).
The protein putatively encoded by S1 (VP1 protein) contained the conserved RNA dependent RNA polymerase (RdRp) motifs between amino acids 553 IDR and KML 788 (Nakashima et al., 1996; Poch et al., 1989 Poch et al., , 1990 . A significant rate of amino acid identity (256/1222 aa, 23 %; BLAST e-value 7610 241 ) was found to the RdRp of Operophtera brumata reovirus (OpbuRV), an unclassified reovirus with 10 segments that is proposed to belong to the genus Idnoreovirus (Attoui et al., 2012; Graham et al., 2008) . For the putative protein encoded on S2 (VP2), low but significant identity (55/271 aa, 20 %, e-value 0.013) to an uncharacterized protein (VP2) of OpbuRV was detected. CMDV VP3 showed some identity to VP4 of Fiji disease virus, genus Fijivirus (53/195 aa, 27 %, e-value 1610 27 ) and to VP4 of Heliothis armigera cypovirus 5, genus Cypovirus (135/568 aa, 24 %, e-value 2610 26 ) (Li et al., 2006) , both uncharacterized proteins. Nucleoside triphosphate (NTP)-binding motifs conserved within members of the subfamily Spinareovirinae (Nibert & Kim, 2004; Spear et al., 2012) were identified for CMDV VP6 between 371 VVA and KWI 405 . CMDV VP6 showed some identity to the NTP-binding protein P-S8 of Mal de Rio Cuarto virus (MRCV), genus Fijivirus (44/128 aa, 28 %, e-value 0.028) and to VP6 of Aedes pseudoscutellaris reovirus (APRV), genus Dinovernavirus (50/201 aa, 25 %, e-value 0.038). For CMDV VP12, a less significant rate of identity (11/33 aa, 33 %, e-value 4.7) to the nucleic-acid-binding protein P6 of RRSV, genus Oryzavirus, a movement and RNA silencing suppressor protein (Shao et al., 2004; Wu et al., 2010a, b) , was only identified using a database restricted to reoviruses. No significant similarities to other viral or cellular proteins were identified for the predicted proteins VP4, VP5, VP7, VP8, VP9, VP10 and VP11.
All generated pools of homogenized mosquitoes (Junglen et al., 2009b) were measured for virus replication by specific real-time reverse transcription (RT)-PCR. CMDV was isolated from 19 pools of either Aedes, Anopheles, Culex or unclassified mosquito species in C6/36 cells. A 426 bp fragment of the RdRp gene of all isolates was analysed showing that the isolates formed two major subgroups with pairwise nucleotide identities .86.6 % (Genbank accession numbers KF880772-KF880788). Phylogenetic analyses of CMDV and representative members of the family Reoviridae based on the RdRp genes showed that CMDV clustered within the subfamily Spinareovirinae and branched from a deep node in basal relationship to coltiviruses and mycoreoviruses (Fig. 2 ). This phylogenetic relationship was verified by phylogenetic analyses including only CMDV, coltiviruses, (Nakashima et al., 1996; Poch et al., 1989 Poch et al., , 1990 To identify the major proteins present in mature CMDV particles, virions were purified by gradient ultracentrifugation and viral proteins were separated by SDS-PAGE as described previously (Marklewitz et al., 2013; Zirkel et al., 2013) . Eight proteins of 150, 135, 120, 80, 66, 59, 42 and 30 kDa were detected and seven proteins (VP1-4, VP6-8) were mapped to the corresponding genome segments by liquid chromatography mass spectrometry (LC-MS) (Fig. 1d) .
Virus growth was studied on insect cells using isolates from each subgroup. Both isolates induced cytopathic effects 3-4 days p.i. Maximum amounts of genome copies were reached 7 days p.i. on C6/36 cells (Fig. 1e) . TCID 50 titration of cell culture supernatants yielded virus titres of up to 8610 6 ml
21
. Twelve different vertebrate cell lines from monkeys (Vero E6), rodents [BHK-21, MEF-MDA5 2/2 , Crocsu-Lu (Corman et al., 2014) ], humans (Huh-7), swine (PSEK), bats (RoNi/7, RhiLu/1.1; Hoffmann et al., 2013) , goats (ZN-R), frogs (ICR-2A) and snakes (VH-2) were inoculated with an m.o.i. of 1 (based on TCID 50 titration on C6/36 cells) and cultivated for 21 days including two passages of infectious cell culture supernatant on fresh cells (Marklewitz et al., 2013; Zirkel et al., 2013) . No replication was detected by specific real-time RT-PCR in any of the tested vertebrate cell lines.
In summary, we have identified and characterized a new reovirus that differs from all previously known reoviruses. According to the International Committee on Taxonomy of Viruses genus demarcation criteria, viruses from different genera share ,26 % amino acid identity within their RdRp genes (Attoui et al., 2012) suggesting that CMDV defines a novel genus. Additionally, with regard to other genetic features, similarity to reoviruses of seven different genera was identified, for example genome termini (59 genome termini similar to oryzaviruses, 39 termini similar to aqua-and orthoreoviruses), encoded genes (highest identity to idnoreoviruses and fijiviruses) and number of genome segments (similar to myco-and coltiviruses). Based on the phylogenetic relationship of the RdRp gene, CMDV was most closely related to myco-and coltiviruses. Further phylogenetic analyses based on other segments cannot be investigated as reoviruses encode homologous proteins on different segments (Attoui et al., 2012) and no significant similarity for those segments was identified. The in vitro infection experiments suggest that CMDV may be restricted to growth in insect cells. The related coltiviruses infect different mammals and are transmitted predominantly by ticks. Colorado tick fever virus grows well in mammalian cells, also in those tested in this study (Attoui et al., 2005) . However, Eyach virus does not replicate in mammalian cells and can only be grown in suckling mice (Charrel et al., 2004; Chastel et al., 1984) . CMDV is clearly separated from mycoreoviruses by host restriction as mycoreoviruses only infect fungi Suzuki et al., 2004) . Taken together, CMDV putatively defines a novel genus within the subfamily of Spinareovirinae. Micromonas pusilla reovirus (MpRV) of the subfamily Sedoreovirinae was used as an outgroup. Analyses were performed using the WAG substitution model without optimization and estimated proportion of invariable sites and an estimated gamma distribution parameter with 1000 bootstrap replicates using PhyML in Geneious. AcARV, Acinopterus angulatus reovirus (GenBank accession no. JN792199); APRV (NC_007667); ARV, avian orthoreovirus (KC183749); ASRV, Atlantic salmon reovirus (EF434978); BmCPV, Bombyx mori cypovirus (GQ924586); CTFV, Colorado tick fever virus (AF133428); CpMYRV1, Cryphonectria parasitica mycoreovirus 1 (AY277888); EYAV, Eyach virus (AF282467); GCRV, Grass carp reovirus (KC847321); GSRV, golden shiner virus (AF403399); LdCPV, Lymantria dispar cytoplasmic polyhedrosis virus-14 (NC_003017); MpRV (DQ126102); MRCV (AF499925); MRV4, mammalian orthoreovirus 4 Ndelle (AF368033); RnMYRV3, Rosellinia anti-rot mycoreovirus 3 (AB102674); NLRV, Nilaparvata lugens reovirus (D49693); OpbuRV (NC_007559); ObCPV19, Operophtera brumata cypovirus 19 (DQ192251); RBSDV, rice black-streaked dwarf virus (AJ294757); RpLV, raspberry latent virus (HQ012655); RRSV, rice ragged stunt virus (U66714); SpFRV, Spissistilus festinus reovirus (JF773383). Bar indicates amino acid substitutions per site.
work, we thank the Taï chimpanzee project and Fabian Leendertz. We are grateful to Marco Marklewitz and René Kallies for assistance with next generation sequencing. The project was supported by the European Union DG Research through the program ANTIGONE (grant agreement no. 278976) and by the German Centre for Infection Research (DZIF).
